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EVERGREEN WIND POWER JIl, LLC
ROLLINS WIND PROJECT
PENOBSCOT COUNTY, MAINE

SOUND LEVEL ASSESSMENT

1.0 INTRODUCTION

Resource Systems Engineering {RSE) completed an analysis of sound levels for the Rollins Wind
Project, a proposed 60 megawatt (MW) wind energy facility to be located in the Lincoln area of
Pencbscot County, Maine. The objective of the sound assessment was to determine the expected sound
levels from routine operation of the wind project and compare them with relevant environmental noise

standards.

Sound levels generated during construction and operation of many types of facilities can be regulated by
federal, state, and local noise standards. The Maine Department of Environmental Protection (DEP)
regulates noise under anthority of the Site Location of Development Law (38 M.R.5.A 481-490). The
currenl Maine DEP noise regulation, Chapter 375.10, Control of Noise, was established in November
1989 to protect certain existing land uses, such as residential properties, schools, and recreation areas,
from excessive noise levels generated by new or expanded developments.

The following report provides a description of the wind project, identifies land uses in the project
vicinity, presents a summary of Maine DEP noise standards, and sound level estimates for future wind
turbine operations. The Seund Level Assessment provides a comprehensive evaluation of sound levels
fromn construction and operatton of the wind turbines. Sound levels from construction activity, and
operation of the substation and other electric transmission facilities are briefly discussed. The sound
level estimates are compared te Maine DEP sovnd Tevel limits to demonstrate that the Rolling Wind
Project will meet applicable sound level limits.

2.0 SOUND AND DECIBELS

Sound is a rapid fluctuation in pressure that the human ear has the potential to detect. The decibel or dB
is the unit of measurement for sound. The decibel scale is logarithmic to avoid large unmanageable
numbers normally associated with prassure change. Figure I shows a comparison of scund pressure and

decibel levels for some typical sound environments.

Sound level performance specifications often provide the sound power level emitted by a particular
noise source such as a transformer. Similar {0 sound pressure level, the sound power level or L, is a
logarithmic measure of sound expressed in decibels compared 1o a specified reference level. The
difference is that the reference level for sound power is 107? watts compared to the reference level for
sound pressure which is in units of micropascals.

Undesirable sound is generally referred to as nolse. The effects of noise depend both on its frequency
(or pitch), decibel level, and duration, particularly in relationship to changes in existing sound levels,
The frequency of a sound generally refers to the number of vibrations per second, measurad in hertz
(Hz). The frequencies of sounds audible to bumans range from about 20 Hz to 20,000 Hz, with greater
sensitivity to frequencies above 1,000 Hz
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Sound may consist of a single frequency known as a pure tone, but is generally a diserdery mixture of
many frequencies. When measuring sound, the A-weighted sound levels are rypically used in order to

simulate the hearing response of the human ear to varying sound level frequencies. A-weighted sound

levels are expressed as dBA.

Sound propagation in air can be compared io ripples on the surface of a pond. The ripples spread out
uniformly in all directions of the pond surface decreasing in amplitude as they move further from the
source. For every doubling of distance from a stalionary hemispherical point source, the sound level
drops by 6 dB. Thus if the sound level is 50 dBA al 500 feet, the sound level at 1000 feet will be 44
dBA, and will be 38 dBA at 2000 feet. With an obstacle in the scund path, such as intervening tersain
or a building, part of the sound is reflected, part is absorbed and the remainder is transmitted through or
arpund the object. The amount of sound that is reflecied, absorbed or transmined depends on the
properties of the object, its size, and the frequency (Hz) of the sound. Properties of an object and its
effect on sound propagation are primary considerations in the design of noise control measures.

For constant sounds, a brief measurement ¢lose to the source can generally quantify the level of sound
over both long and short perieds, However, when sound sources vary, longer sampling periods are
needed to accurately guantify the sound levels. Integrating sound level meters are commonly used lo
measure fluctuating sound sources. These meters record the sound level every 1/8 of a second when set
to fast response and every one-second on slow response. When set to fast, the instrament measures 480
sound Jevels every minute and over 28,000 records in an hour. Due to the large number of readings,
statistical patameters are used for analysis and comparisen of measurement data.

The most commonly used parameter is the equivalent sound level or Ly, The La, is used to represent
the sound energy during a given sampling period as a constant decibel level. The L, takes all sound
level fluctuations into account similar to an averaging technique; however, this is accomplished
mathematically to deal with decibels as logarithmic expressions. At a site influenced by variable sounds
such as vehicle or aircraft traffic, the L., distributes the traffic sound energy over the entire
measurenient period te caleulats a single decibel level. Short periods of elevated sound levels can
significantly increase L., 0ver a measurement period. For example, if the sound level over an hour was
30 dBA except for five minutes when traffic noise measured 60 dBA, the L, for the hour would be 49

dBA.

Other common statistical parameters include Lo, Lasoand Lago, which represent the sound level
exceeded 107, 5024, and 90% of the time during the measurement, respectively. The Lagg excludes
most trangient or intenmittent noise sources and therefore, is commonly used to determine the value of
constant or dackgroiund sound during a measurement. LASO is the median sound level and can be nsed
to quantify nearly steady operations by removing the contribution of occasional, louder sound events

such as wind susts or traffic,

In order to calculate sound levels resulting from multiple sources, such as wind turbines, it is necessary
10 comnbine decibel levels from each source. Decibel levels must be added mathematically to reflect the
logarithmic nature of the decibel unit. When two sounds of the same decibel leve] are combined, the
resulting combined sound level is just 3 dB higher than the individual sound levels (e.g. 50 dB + 50 B
=53 dB). The analysis contained in this repoit addresses both individual and combined sound sources
associated with the proposed wind projeet.
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3.0 SITE DESCRIPTION

The Rollins Wind Project is a 60-megawatt (MW )} wind project with approximately 8 miles of
associated 115-kdlovolt (k'V) transmission line (o be located in Penobscot County, east and south of

Lincoln, A site location map is presented as Figure 2.

The rurbine portion of the project consists of 40 General Electric 1.5 megawatt (MW} rurbines located
m two clusters, Rolling North and Rollins South. Each turbine is 262 feet from the base to the center of
the rotor hub, and a total of 389 feet 10 the tip of a fully extended rotor blade. The project invelves
permitting 41 potential turbine locations to allow flexibility in final location; only 40 turbines will be
constructed. Turbines will be located in the 1owns of Winn, Lee, Lincoln, and Burlington, The South
cluster, located in Lincoln and Burlington, will include 22 of the 23 turbines shown and connect to the
northern portion of the project by a 34,5-kV connector bine, The North cluster of 18 turbines will be
located east of Linceln center in the rowns of Lincoln, Lee and Winn. Power from the 40 turbines will
be collected in an overhead 34.5-kV collector line, delivered to the on-site substation, and converted to
115 kV for iransmission to a connection point on Line 56 near Mattawamkeag. The substation will be
located near the north end of the project (see Figure 2). Relative to applicable sound level [imits,
operation of the substation and transmission line is not expected to generate significant sound levels.
Consequently, scund level estimates for the wind project do not include these facilities,

The majority of the propased turbine areas are presently used for commercial forestry operations and
contain developed logging roads that will be upgraded and used, where appropriate, 10 minimize
clearing and wetland impacis. The turbines will senerally run north—south along various ridges with
base elevations of the turbines ranging from approximately 700 to 1,260 feet above mean sea level. In
additior to the rurbine structures, the project will include consiruction of an operations and maintenance
facility at the south end and a substation near the notth end of Rollins North.

For the proposed GE wind turbines, spacing between turbines within the two turbine clusters (North and
South) will range from a minimem of approximately 720 feet to over 4,000 feet. There are no external
ladders or gimilar structures proposed on the towers and no puy wires or extemal cables. Access for
maintenance will be provided by Jadders iocated ingide the towers.

Based on aerial photography, field surveys and local tax records, uses in the vicinity of the preject
consist of undeveloped/forestry land in areas surrounding the turbine sites and rural residential

properties mostly over 3,000 feet from the proposed wind turbines. The majority of residential
propertics in the vicinity of the project are located i the Town of Linceln between the North and South

turbine clusters. With the exception of a few seasonal residences (camps) within the general area of
Roliins South, the residential properties between Rellins North and South are the nearest to the proposed
wind turbines. Additional residential parcels are located in Lee approximately one mile east of Rolling
North and in Burlington approximately 4,000 feet east of Rollins South.

Evergreen Wind Power 111 {Evergreen III) has purchased property or obtained leases with local
landowners to instal]l and operate wind turbines at the proposed locations, Evergreen ITI has also
obtained agreements with [andowners who may experience sound levels from the project that have the
potential to exceed applicable sound level limits. As set forth by Maine DEP 375.10, Section C.5.5, a
noise easement exempts the project from Maine DEP noise limits and remains in effect for the specific
noise, parcel of land and term covered by the agreement. A Vicinity Site Plan showing the proposed
wind turbine layout and substation location in relation to surrounding Jand uses and residences is shown
as Figure 3. Parcels for which Evergreen IlI has a lease, easement or other agreement are indicated in

Figure 3.
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4.0 NOISE CONTROL STANDARDS

Relevant noise standards consist of regulations established by the Maine DEP. Maine DEP Regulation
Chapter 375.10, Canirof of Noise, established in November 1989, appiies hovrly sound level limits at
facility property boundaries and at nearby protected locations. Protecied locations are defined as “any
location accessible by foot, on a parcel of land containing a residence or approved subdivision....” In
addilion 1o residential parcels, protected locations also include but are not [imited (o schools, state parks,
and designated wilderness areas {ref. Maine DEP 375.10.G.16).

The hourly equivalent sound level (L oq.p,) resulting from routine operation of the wind project is
limited to 75 dBA at any facility property boundary. The limits at protected locations vary depending
on Jocal zoning or surrounding land uees and existing (pre-development) ambient sound levels.

Al protected locations within commercially or industrially zoned areas, or where the predominant
surrounding land use is non-residential, the hourly sound leve] limits for rortine operation are 70 dBA
daytimme {7:00 a.m. to 7:00 p.m.) and 60 dBA nighttirne (7:00 p.m. ta 7:00 a.m.). At protected locations
within residentially zoned areas or where the predeminant surrounding land use is residential, the hourly
sound level limils for routine operation are 60 dBA daytime and 50 dBA nightiime. In addition, where
the daytime pre-development ambient hourly sound Jevel at a protected location is equal to or less than
45 dBA andor the nighitime hourly sound level is equal io or less than 35 dBA, the hourly sound level
limits for routine operation are 55 dBA daytime and 45 dBA nighttime. For arcas where pre-development
ambient sound levels exceed the specified limits at a protecied location, limits may be chosen as 5 dBA less than
the pre-davelopment sound levels (ref. Maine DEP 375.10.C.1}.

In all cases, nighttime limits at a protected location apply up to 500 feet from sleeping quarters. At
distances over S00 feet or where no sleeping quarters exist, daytime limits apply during all facility
operaling hours {ref. Maine DEP 375.10.G.16). Where various limits &pply depending on the distance
from sleeping quarters, all limits must be mer at the protected location,

The Maine DEP regulation establishes sound level limits for construction, maintenance, and tonal and
short duration repetitive sounds as follows:

Consiruciion - Sound from nighttime construction is subject to the same nighttime limits as routine
operation. Even though daytime construction limits are contained in Maine DEP Chapter 375,10,
normal daytime construction sound levels are exempt from this regulation by Maine Statute (38
M.R.S.A. Section 484). Equipment used in construction must also comply with applicable federal
noise regulations and must include envircnmental noise cortrol devices in proper working condition
as originally provided by its manufacturer (ref. Maine DEP 375.10.C.2).

Maintenance -- Sound from routine, ongoing maintenance activities are considered part of routine
operations and subject to the daytime and nighttime limits for routine operation. Seund from
occastonal, major overhaul activities is regulaled as construction activity (ref. Maine DEP
375.10.C.3).

Short Duration Repeiitive and Tona! Sexnds - When routine operations produce a short duration
repetitive or tonal sound, 3 dBA is added to the observed sound levels of these sounds for

determining compliance. There is also a tmaximum sound level (L) limit for cerlain types of
short duration repetitive sounds (ref. Maine DEP 375.10.C.1.d and ¢).

Sounds associated with certain activities gre exempt from regulation under Maine DEP Chapter 375.10.
Exempl activities associated with the proposed wind project may include (ref. Maine DEP 375.10.C.5):

= (Construction activity during daylight or daytime hours, whichever is longer;
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+ Emergency maintenance and repairs,

An exemption also applies at protected locations where the Jandowner has conveyed a noise easement to
the project that allows the project to potentially exceed the Maine DEP sound leve! limits.

When a development is located in a municipality that has duly enacted a quantifiable noise standard that
{1} contains [imits that are not higher than the Maine EYEP limits by more than 5 dBA, and (2) limits or
addresses the types of sounds regulated by the Maine DEP, then the Maine DEP is to apply the local
standard rather ¢han the Maine DEP standard, Further, when neise produced by a facility is received in
another municipality, the quantifiable noise standards of the other municipality must be taken into
consideration (ref, Maine DEP 375.10.B.1\.

Inquiries to town offices and review of land use erdinances for Burlington, Lee, Lincoln and Winn
indicate that no quantitative neise standards have been enacted in any of these municipalities.

50 EXISTING SOUND LEVELS

Measurements of the pre-developrnent ambient sound levels are required only when the developer elects
to establish that the daytime and nighttime ambient hourly sound level at representative protected
locations exceed 45 dBA and 35 dBA, respectively {ref. Maine DEP 375.10.H.3.1). Without such
ambient measurements, the Maine DEP guiet limits of 55 dBA daytime and 45 dBA nighttime apply at
nearby protected locatiens. In recognition of the rural nature of the site and to be conservative,
Evergreen 111 has elected to apply quist limits at nearby protected locations even though pre-
development ambienl sound levels under weather conditions suitable for wind turbine operation can
exceed the quiet area thresholds of 45 dBA daytime and 35 dBA nighttime.

6.0 SOUND LEVEL LIMITS

Maine DEP sound level limils at pretected locations and property lines have been determined for the
Rollins Wind Project based on Jandowmer agreements and land uses, Evergreen Il has obtained leases
or agreements with many Jocal landowners that exempt the project fom sound level limits under the
Maine DEP noise regulation. As set forth in Maine DEP Chapter 375.10, these sound level limits apply
to routine operaiion of the proposed wind project and substation.

The most restrictive Maine DEP sound level limit of 45 dBA applies during nighttime hours at locations
on residential parcels that are within 500 feet of a restdence. The quiet daytime limit of 55 dBA applies
during dayiime hours (7 am to 7 pm) and during all hours at locations on residential parcels that are pver
500 from a residence. Maine DEP sound level limits do not apply at protected locations where
landowners have signed agreements with Evergreen I authorizing sound from the project that would
exceed otherwise applicable Maine DEP sound level limits, Table 1 presents a list of receiver points in
the vicinity of the wind project where the most resirictive sound level limits apply. These receiver
points are ajso shown on Figure 3.
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Tabde |
Mulne DEP Hourky Sound Level Linklts {dBA)
Recelver Distance From Nearest | Maime BEP Hourdy Limit (dBA)
Polng* Descrlptlon Wind Turbine () Dayitme Nighttime Limly Baais

Rl Exgt of Rolline Morth and 4,660 55 45 Quiet limits an protected
500 foer from dwelting jacation

R2 Somhenst of Relling Nonk 2025 55 45 CQuiet linils &t provecied
a1 resrdentisl Jo? line Jocation

R3 Souihwest of Rollina Narth 2,140 55 a5 Quiel limits &1 prolecied
and 500 feet from dwelling Jocetion

R4 Haorth of Rotlins South 21 1,080 %5 45 Quies limiks at promected
residentiel kot line along lecation
Arab Rond

RS East of Rolling South and 28M 55 45 Cuiet limits al protecicd
500 feel from dwelling location

*gee Fipure 3, Vieininy Site Plan.

The Maine DEP regulation specifies sound level limits in terms of hourly A-weighted aquivalent sound
levels (Lyg ). At protected locations where tanal or short duration repetitive sound levels are present
from operation of the wind project, § dBA is added to these sounds for purposes of determining
compliance with applicable sound level limits.

7.0  FUTURE SOUND LEVELS

7.1 Constructon

Sound from construction activity is both temporary and variable. Many construction machines operate
intermittently and equipment varies with each construction phase, A variety of construction equipment
will be used to build the wind project including earth-moving equipment for land clearing, excavation,
and sile grading, and cranes to erect the wind turbines. Typical earth moving equipment and cranes
generate sound levels of 75 to 88 dBA al a distance of 50 feet.

Sound levels from construction may be noticeable in the vicinity of the site, especially during blasting,
excavation and grading, Local fraffic during construction is expected to increase on some public roads
along with associated sound levels from construclion vehicles, Because of the temporary nature of
construction, no adverse or long-term effects are anticipated.

The mobile nature of construction equipment and the manner in which construction work must be done
makes complete control of constraction sound infeagible. With die possible exception of nightrime
blade lifts, construction aclivity will occur between the hours of 7 a.m. and 7 p.m. or daylight hours, and
therefore is not subject to Maine DEP sound limits. Sound from nighttime crane lifts is not expected 10
exceed sound levels from routine operation,

Other measures to mitigate construction sound levels will include: compliance with federal regulations
limiting sound from trucks and portable compressors, and ensuring that equipment and sound muffling
devices provided by the manufacturer (or equivalent) are kept in good working condition.

7.2 Proposed Operation
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Operation of the proposed project will consist of 40 wind turbines operaling up to 24 hours per day and
seven days per week depending on weather conditions.

RSE developed a sound level prediction model {o estimate sound levels from operation of the propesed
Rollins Wind Project. The acoustic model was developed using the CADNA/A software program to
map area terrain in three dimensions, locate proposed wind marbines and calculate outdoor sound
propagation from the wind turbines. Area topography and wind turbine locations, for entry into
CADNA, were provided to RSE by Stantec based on US(S topographic information and project design.

The wind project will be capable of operating any time of the day or night, including holidays and
weekends. However, the wind hurbines will only operate when the wind incident on the turbine hub is at
or above the cut-in wind speed of 3 meters per second (6.7 mph). During periods of hight or calm
winds, sound level emissions from the wind project will be virtually non-existent. As the hub-height
wind speed increases to 3 meters/sec, the turbines begin to rotate and will reach {full sound power output
at a wind speed of approximately 9 meters per second (20.1 mph) or 60% of rated power output. Full
power generation from the wind turbines occurs when the hub-height wind speed is at or above 11.5
meters per second (25.7 mph). The turbines shutdown or “cut-out™ when winds reach 25 meters per
second (56 mph). Figure 4 presents a plot of the sound power level and power generation versus wind
speed at the turbine hub for wind speeds ranging from 3 to 15 meters per second. Figure 4 indicates that
full sound power occurs at or above 9 meters per second and the sound power level is approximately 4
dBA less at a wind speed of 7 meters per second.

Figure 4. Sonnd Power Level and Power Ountput of GE 1.5 sle Wind Turbine in Relation to Hub Wind
Speed

GE 1.5 sle*
108 2000
1800
1600
i 1400
3’ 1200 E
: -}
5 &00 E
.; L]
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o

Hub Helpht Wind Speed imeter/iec)
=i — Sound Powes Lavel  —a—Turbdrd Output

YExcludes Uncertaintly Factor aof 3 2 dBA per GE Technical Dacumensarion — Noise Emission Characterioles (2005) and Confidence
Level of + 208 A per GE Techrical Specificarion - Nolze Emicsion Compliance, GE Wiad Energy, May 20095.

RSE caleulated sound levels for simultaneous operation of the GE 1.5 sle wind turbines at all 41
prospeciive wind turbine Jocations at full sound power as defined by GE Energy. These moderate to full
load conditions exist with wind speeds at or above 9 meters per second {20.] miles per hour) at the
turbine hub, The wind turbines were treated as point sources at the hub height of 80 meters (262 feet)
above base/grade elevation using sound power levels from GE Energy (Technical Documentation Wind
Turbine Generator System GE [.5 slfsle 50 & 60 Hz, Noise Emission Charactenstics, 2005). Sound
level estimates are based on the operating sound level at full sound power plus an uncenainty factor of
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plus 2 dBA based on the GE specification and measurements by RSE of similar turbines during full
operation. Sound [evels from the wind turbines are not expected to increase at wind speeds grealer than
9 meters/sec.

GE Energy deizrmined furbine sound power levels in accordance with IEC 61400-11, Wind Turbine
Crenerator Systems — Part 11: Acoustic Noise Measurement Techniques, 2002. Table 2 provides sound

power levels by third octave and whole actave frequency as provided by GE Energy.

TABLE 2
WIND TURBINE SOUND FOWER LEVELS
(Wind Speed > 9.0 mfs at urhine bub)
drd Octave Band Centor | Soumd Pewer Leved, Ocinve Band Center Sound Power Level,
Fregoaacy, Hz dRA Frequency, Hx 4dBA
K]4) 6.2
63 199 &3 E5.1
[:10) B2 5
100 E4.8
125 67 125 G40
160 924
00 0.7
250 2 250 9712
L5 94
400 943
500 938 500 96
530 932
00 )
1000 923 1 000 919
1250 9N3
1600 .5
2000 9.6 2000 4.5
2500 E71
Nio 348
4000 822 4000 8713
3000 T12.6
6300 139
BOOO T3 3000 %1
10000 %
SUM 104 sum 104
Sowrce: Techmical Documeniauion Wind Turbine Generator Sysiem GE 1.551%1« 50 & &0 Hr, Noisc
Emission Characicristics, 2005

Sound levels from wind turbine operation were calculated for six receiver points (R1 to R6} in the
vicinity of the proposed wind project. Receiver points represent nearby protected locations where the
most stringent MDEP nighttime limits apply. Sound levels at these receiver points have the greatest
potential to exceed applicable Maine DEP limits, Dwellings and protected Jocations closer to the wind
turbines than the receiver points (see Figures 3 and 6) have entered inlo a Jease or agreement with
Evergreen I1I so that Maine DEP sound level imits do not apply at these properties {ref. Maine DEP
375.10, Section C.5.5). Sound level atlenvation from the wind turbines to the receiver points was
calculated by the acoustic model in accordance with ISO 9613-2 “Attepuation of sound during
propagation outdoors”, 1580 9613-2 is an internaticnal standard commonly used for predicting sound
levels from & noise source for moderate downwind condition in all directions.

For Rollins Wind the prediction model calculates attenuation due to distance, atmespheric absorption

and intetvening terrain. Conservative factors wene applied for ground absorption assuming a mix of
hard and soft ground. The surfaces of nearby lakes were specifically mapped and assigned no ground
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absorption as appropriate for a hard, reflective surface. The model calculations exclude attenuation
from foliage, which has the potential to reduce sound levels.

The stated securacy of sound level attenuation calculations per ISO 9613-2 is plus or minzs 3 dBA. To
compensate for accuracy inherent in the calculation and measurement methods, 3 dBA has been added
(o the specified sound power levels. This is in addition to the plus 2 dBA unceriainty factor from the
GE specification. Consequently, the overall adjustment to the rated sound power levels from GE
specifications (Table 2) is phus 5 dBA yielding a sound power level of 109 dBA for mode! calculations.
This adjustment reflects the range of sound levels for the proposed wind project based on RSE sound
level measurements of similar operating wind turbines under a variety of weather and sile conditions.

Using the model, sound level contours for operation of the proposed wind project were calculated for
the entire study area. These results are presented in Figure 5 with the sound level contours of 35 dBA
and 45 dBA are highlighted corresponding to Maine DEP quiet daytime and nighttime Limits.
Information for the project study area as presented on Figure 5 includes the hurbine locations, USGS
topographic contours, parcel mapping with hatching to shows parcels with easesients or agreemenis,
dwelling locations, public and private roads (red lines), and water bodies. A legend indicating the map

syrobols is provided on Figure 5.

From these contours, the expezted sound level from full operaticn of the wind turbines can be
determined for any point within the study area. Calculated sound levels at the receiver points are
indicated on these figures. Table 3 compares estimated sound levels at the recerver points with Maine

DEP uighttime sound leve! limits.

TABLE 3
ESTIMATED SOUND LEVELS FROM WIND TURBINE OFERATION
Distance to Mearest Wind Estimated Hourly Sound Maine DEP Nightdoae
Receiver Position Turbioe, Feet Level, Lcenr Limit, dBA
Rl 4,660 k} 45
R2 2,025 44 15
R} 2,140 41 35
R4 3,090 33 45
R3 2870 . 42 45

The resulls from Table 3 indjcate that sound levels at full operation of the wind project will be below
the Maine DEP nighttime noise limits at the receiver points.

Theye are likely to be large fluctuations in wind speed from the hub height of the wind turbines at 262
feet to the regulated height of four to five feet above ground level. This can be a significant factor in
sound ¢missions and outdoor propagation from both the wind project and ambient, non-turbine sound
ievels. The quietest periods of the day or night generally occur whea the winds are light or calm. fn
addition, as the wind speed incident on a wind turbine drops below 9 meters/sec, sound levels from the
turbine are reduced. Ambient, non-turbine sound levels, particularly from wind forces acting on trees
and vegetation, may increase sigonificantly when the turbine wind speed reaches 9 meters/sec or greater,

as required for full sound power.

Variations in wind speed with elevation (wind gradient) may result in very different wind speeds near
the ground than at turbine/rotor heights. In addition, there may be areas near the ground that are
shielded from winds at cerlain directions. For example, with the general ridge line direction running
north-south, lower land to the sast would be protected from a westerly wind. Under these conditions,
high winds may be prasent near the top and to the west of the wind rurbines, but winds may be relatively
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calm just east of the ridgeline. Consequently, the degree of masking by wind-induced ambient sound
will fluctuate depending on the wind speed, direction, and location.

A regulated tonal sound occurs when the sound level in a one-third oclave band exceeds the arithmetic
average of the sound levels in the two adjacent one-third octave bands by a specified dB amount based
on octave center frequencies (ref. Maine DEP 375.1(.G.24). Turbine performance specifications
indicate some potential for tonal sounds to oceur in the 160 Hz third-octave band, Both the
specifications and measurements of operating turbines by RSE indicate 1hat the tonal threshold of 8
dBA is not likely to be exceeded. Thexefore, the wind turbines are net expected to generate regulated
tenal sounds,

Short duration repetitive (8DR) sounds are a sequence of sound events each clearly discernible that
causes an increase of 6 dBA ar more in the sound level observed before and after the event. SDR sound
events are typically less than [0 secends in duzation and occur more than once within an hour,
Measurements and observations by RSE during wind turbine operations indicate that sound levels can
fluctuate over brief periods as noted by the passage of wind turbine blades. Observed measurements
further indicate that these sound level fluctuations typically range from 2 to 4 dBA and thus do not
resubt in the 6 dBA increase required to be SDR sounds as set forth in Maine DEP 375.10.

8.0 CONCLUSIONS AND RECOMMENDATIONS

The primary objectives of the Sound Leve] Assessment were to determine applicable sound leve! limits
at prolected locations and lof lines, estimate future sound levels frora the proposed wind power project,
and evaluate compliance with applicable sound level limits. Existing land uses were identified using a
combination of site maps, aenal images, and field observations. Scund level estimates of futnre wind
operation were calculated using a terrain-based acoustic model.

Sound level limits were applied per Maine DEP 375,10 based on land use mapping and landowner
agreements, To be conservative with this sound level assessment, quiet limits of 45 dBA nighttime and
55 dBA daytime were utilized per Maine DEP reguiations even though pre-development sound ievels
during conditions suilable for wind turbine operation can exceed Maine DEP thresholds for existing
sound levels in a quiet area.

The results of this assessment indicate that sound levels from operation of the Rollins Wind Project will
net ¢xcatd Maine DEP sound [evels limits during construction or rouline operation.  Specifically,
model estimaies show that sound Jevels from the wind project will be below Lhe Maine DEP nighttime
limil of 45 dBA within 500 feet of a residence al nearby protecied locations. Model estimates show that
the property limit of 75 dBA will alsc be mel.

Prior to operation of the wind project, RSE recommends monitoring pre-developmeni ambient sound
tevels at points representing nearby protected locations and during periods representing wind turbine
operating conditions. Ambient sound level measurements will provide useful data concerning the
contribution of non-turbine sound levels during future operation of the wind project.

Once construction and startup of the wind project are complete, RSE recommends monitoring sound

levels during routine wind project operations to verify compliance with relevant Maine DEP sound level
limits.
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FIGURE 1
RELATION BETWEEN SOUND PRESSURE IN PASCALS AND
SOUND PRESSURE LEVEL IN DECIBELS
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FIGURE 3. VICINITY SITE PLAN (1 OF 2)
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FIGURE 3. VICINITY SITE PLAN (2 OF 2)
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FIGURE 5. ESTIMATED SOUND LEVEL CONTOURS (2 OF 2)
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REFERENCE: Sound Level Assessment

Rolli

Penobscot County, Maine

SUPPLEMENT

ns Wind Project

October 30, 2008

The purpose of this Supplement is to provide information concerning specific dwellings as shown on an
excerpt of Figure 5 of the referenced report. Table 4 provides the owner names and ownership status of
the properties with dweilings now within the 45 dBA range of the Rollins project, based on the RSE
sound level contour map of Rollins South, Figure 5, Sheet 2 of 2 dated October 30, 2008.

April 2, 2009
File 070827

Table 4
Rollins South: Dwellings within 45 dBA iso-contour
Dwelling ID Parcel Owner Status Reference
D1 Warren Easement Section 5
D2 Farling Purchase Section 2
D3 Wooten Easement Section 5
D4 Libby Lease Section 2
D5 Russell Lease Section 2
D6 Beitzel Easement Section 5

For dwelling locations, reference the attached Figure 5, Sheet 2 referencing the attached map:

Resource Systems Engineering
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R. Scott Bodwell, P.E.
Sr. Project Engineer




Rollins Wind Project
April 2, 2009
Page 2

Figure 5. Estimated Sound Level Contours (20f 2)
Rollinsg South
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Maddox, Becky

From: Barnes, Brooke [brooke.barnes@stantec.com]

Sent: Tuesday, March 10, 2009 10:10 AM

To: Maddox, Becky, Cassida, James

Cc: dcowan@upcwind.com; Ryan Chaytors; Browne, Juliet; Geoff West

Subject: Sources regarding Low Frequency and Infrasound from Large Utility Grade Wind Turbines

Attachments: Research into aerodynamic modulation of wind turbine noise.pdf; CANWEA%Z20Infrasound %
20Study.pdf; AWS Truewind_LowFrequencyNoise.pdf

Hi Becky

Charlie Wallace of RSE did a literature review for technical papers on the issue of low frequency sound
and infrasound related to wind turbines, and has provided the attached links. I thought they might be of
interest to Warren Brown and/or Dora Mills in their review of the issues.

Also attached are a couple of other articles on the topic (I may have already sent these to you).

Brooke

From: Charles Wallace [mailto:RSE@gwi.net]

Sent: Friday, March 06, 2009 10:51 AM

To: 'Dave Cowan'; 'Matt Kearns'; 'Ryan Chaytors'; 'Alec Jarvis'; 'Timothy Clapp'; Barnes, Brooke
Subject: Sources regarding Low Frequency and Infrasound from Large Utility Grade Wind Turbines

All -

The subject of low frequency and infrasound from large, utility grade wind turbines has been getting a
lot of attention in Maine and elsewhere. This topic has been the subject of two specialty European
technical conferences (2005 & 2007) with a third scheduled for June 2009.

RSE has reviewed many sources in the course of our work and find a handful of technical documents
that synthesize much of the other technical literature and present some empirical data as part of their
presentation. Some just present an independent literature review of this issue. These documents are
provided via their links. As a collection, these documents also contain a large number of additional
references [many of them available at RSE] that allow a reader to chase related topics “to ground”.
Anecdotal papers and those that rely on secondary or tertiary sources that do not present empirical
research or that do not have a clear scientifically peer reviewed history have not been included here.
Also, papers that allege Wind Turbines cause certain diseases without quantitative, cause-and-effect,
dose-response or unverified data are not included directly but are discussed in some of the cited sources.

Cited Resources:

¢ Ohio Health Dept: LITERATURE SEARCH ON THE POTENTIAL HEALTH IMPACTS

ASSOCIATED WITH WIND-TO-ENERGY TURBINE OPERATIONS
. LTA: Low Fre oi arge Wind Turbines
e DELTA: The “GENLYD** Noise Annovance Model
CanWEA Paper: ADDRESSING CONCERNS WITH WIND TURBINES AND HUMAN
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¢ Geoff Leventhall: INFRASOUND FROM WIND TURBINES — FACT, FICTION OR

DECEPTION
* National Research Council of The National Academies: Environmental Impacts of Wind-
Energy Projects

e Jakobsen J. and Andersen B. (1983): “Wind Noise. Measurements of
Wind-Generated Noise from Vegetation and Microphone System”,
Danish Acoustical Institute Report no.108 [Out of print and available upon request from DELTA]

Regards,
Charlie -
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30 Parkers Way

PO Box K

Brunswick, Maine 04011

phone (207) 725-7896

fax (207) 729-6245
www.resourcesysiemsengineering.com
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